The methicillin-susceptible Staphylococcus aureus (MSSA) clone sequence type (ST) 398 has increasingly been identified as a pathogen in diverse geographic settings, yet its epidemiology remains incompletely understood. In this case-control study of MSSA infections, we identified ST398 MSSA as both a major community-and hospital-associated MSSA pathogen in the Dominican neighborhood of northern Manhattan.
Over the past decade, infections with Staphylococcus aureus sequence type 398 (ST398) have emerged worldwide [1] [2] [3] [4] [5] . There is mounting epidemiological and genetic evidence that methicillin-resistant S. aureus (MRSA) and methicillin-susceptible S. aureus (MSSA) ST398 constitute at least 2 clinically and biologically distinct lineages, with MSSA ST398 the likely precursor of MRSA ST398 [2, 6] . Whereas MRSA ST398 has been associated with exposure to livestock and is rarely encountered beyond immediate animal contacts, MSSA ST398 appears readily transmissible within community households [2] .
However, the epidemiology of human MSSA ST398 infections remains poorly described. Most notably, MSSA ST398 accounted for a high proportion of S. aureus infections in China and has been described in invasive infections in the Netherlands, France, and the United States [2] [3] [4] [5] . Although it is present as one of the most common infectious MSSA clones in the New York City area [2] , ST398 has been absent from other MSSA sample collections across the United States [7, 8] .
Here, we systematically surveyed MSSA infections for the presence of ST398 at a tertiary care hospital in northern Manhattan over a 2-year period. We then carried out a case-control study to assess demographic, clinical, and microbiological risk factors for ST398 MSSA infections compared to non-ST398 MSSA infections.
METHODS
This study was approved by the Columbia University Medical Center (CUMC) institutional review board. Between January 2010 and January 2012, all available MSSA specimens (which excluded bloodstream isolates) cultured at the clinical microbiology laboratory at CUMC were prospectively collected and tested with a ST398-lineage specific polymerase chain reaction (PCR) [9] .
Using a random-number generator, each ST398 case was matched with 3 MSSA controls from the same sample collection. All isolates were characterized by S. aureus protein A (spa) typing using Ridom StaphType software and clustered into spa clonal complexes (spa-CCs) and screened for the presence of Panton-Valentine leukocidin (PVL) as described elsewhere [10] . Spa types consistent with the ST398 lineage were further verified by multilocus sequence typing [10] .
Demographic and clinical information was extracted from the patient's electronic medical records by retrospective chart review. Minimum inhibitory concentrations for standard gram-positive antimicrobials were determined using broth microdilution panels purchased from MicroScan (Dade Behring, Sacramento, California). Expression of inducible clindamycin resistance due to the erm gene was determined by the KirbyBauer D-test [10] .
Univariate analysis was performed using Fisher exact tests. All variables with a P value of <.2 in univariate models were entered into the initial multivariate logistic regression model. The stepwise selection method with entry and stay level of P = .1 was used to build the final multivariate logistic regression model. The adjusted odds ratio (OR) and 95% confidence interval (CI) for the variables selected in the final model were reported. All statistical analyses were carried out using SAS software, version 9.1 (SAS Institute, Cary, North Carolina).
RESULTS
We screened 1607 successive nonbloodstream MSSA cultures from individual patients at CUMC with ST398 lineage-specific PCR and identified 64 (4.0%) positive samples [9] . The majority of these samples were spa type t571 (n = 51 [80%]), whereas other spa types included t1451 (n = 7) and 1 each of t5635, t6440, t6605, t6608, and t7331. These spa types were verified as ST398 by MLST typing.
Most patients with ST398 infections lived in the hospital's catchment area in northern Manhattan (n = 33), in the Bronx (n = 20), and only rarely in other boroughs of the city (n = 5), New York State (n = 5), or New Jersey (n = 1). Remarkably, nearly half of the patients (n = 26 [41%]) had been admitted to the hospital in the 6 months prior to their ST398 infection. In addition, 8 patients (13%) who acquired the infection during their hospital stay.
In a case-control study, we compared each ST398 case with 3 randomly matched non-ST398 MSSA controls (Table 1) . Among the 192 control MSSA isolates, spa-CC t008-ST8 (n = 34 [18%]), spa-CC t665-ST30 (n = 31 [16%]), spa-CC t002-ST5 (n = 24 [13%]), and spa-CC t084 (n = 18 [9.4%]) were most frequently encountered.
The frequency of PVL positivity was similar in both groups (Table 1 ). ST398 and control MSSA isolates were highly b Community associated defined as culture positive <48 hours after admission and lack of hospitalization or long-term care facility residence over past 6 months.
susceptible to most antimicrobials tested. However, almost all ST398 isolates were resistant to erythromycin and clindamycin (97%) compared to only 38% (P < .0001) of controls. In both groups, more men than women were infected. Cases and controls differed in their age distribution, ethnicity, and area of residence. Compared to controls, ST398 patients were more likely aged 19-65 years (59% vs 38%, P = .007), whereas more controls were <5 years of age. Compared to controls, ST398 patients identified themselves more frequently as Hispanic (66% vs 30%; P < .0001) and resided in the area surrounding the hospital (82% vs 38%; P = .0004).
Both cases and controls exhibited a predominance of skin and soft tissue infections (SSTIs), and shared similar measures of hospital admission and mortality (Table 1 ). ST398 cases were more frequently associated with secondary bacteremias, but this did not reach statistical significance (6.3% vs 1.6%, P = .07). ST398 cases had been more frequently admitted to the hospital over the 6 months preceding their positive culture (41% vs 22%, P = .005), whereas overall both ST398 and controls were frequently consistent with community-associated S. aureus infections (53% vs 66%, P = .07).
Although many potentially predisposing comorbidities for MSSA infections were shared between cases and controls (such as diabetes mellitus, cancer, or underlying skin disease), more patients with ST398 had liver cirrhosis and alcohol dependence than did controls. In contrast, controls more frequently had congenital malformations (Table 1) .
In multivariate analysis, living in the northern Manhattan 
DISCUSSION
Infections with ST398 MSSA have been encountered worldwide, but in the United States most cases appear to be restricted to New York City [7, 8, 11, 12] . The current study examined the epidemiology of nonbacteremic ST398 infections at a tertiary care hospital in northern Manhattan, a neighborhood with high ST398 colonization in community households [2] . Hispanic ethnicity and residence in the hospital catchment area were independently associated with ST398 infections, suggesting that the colonized community serves as the source of infections. Unexpectedly, patients with ST398 infections were also more frequently hospitalized over the 6 months prior to infection. Our findings suggest that ST398 has emerged as both a community-and hospital-associated pathogen.
We noted a trend to more frequent episodes of secondary invasive disease with ST398, which is consistent with a recent survey of French bloodstream infections [4] . An increase in invasive disease may indicate yet unidentified virulence features of ST398 MSSA. Alternatively, it may also reflect underlying comorbidities or an immunosuppressed state of the affected host. Poorer health of a subset of ST398 patients in our population is indirectly suggested by the higher proportion of alcohol abuse, cirrhosis, and recent hospitalization. In addition, this could suggest nosocomial acquisition of ST398 MSSA, where patients acquired the clone in the hospital and subsequently developed an infection in the community.
Our study demonstrated that ST398 infections were common among Hispanics living in the Dominican community of Washington Heights. As such, we hypothesize that this strain was introduced to New York by Dominicans traveling between the 2 countries and that it continues to spread within this group [10] . Although some of the differences between cases and controls may be intrinsic to ethnicity, several ST398-infected patients were non-Hispanic and resided in other parts of the city. This suggests local transmission or alternative reservoirs of ST398.
Several limitations to our study need to be considered. First, data collection was based on a retrospective review of medical records, which may have introduced a potential information bias. Second, matching cases and controls by variables such as age or site of infection could have influenced outcomes. Third, the control group consisted of genetically diverse MSSA with 4 predominant spa-CCs, which might have biased the comparisons. Last, this study represents the experience at a single tertiary care hospital and may not be generalized to other settings.
Although ST398 MSSA has been suggested as the precursor of livestock-associated-ST398, this strain has been notably absent from large European and American MSSA sample collections from the 1990s and early 2000s [7, 8, 13, 14] . These studies likely only provide an incomplete picture of the global molecular epidemiology of MSSA infections. Nevertheless, the combined results argue for a more recent clonal dissemination of ST398. We speculate that in part this may have been driven by the almost universal presence of erythromycin and clindamycin resistance in human ST398 MSSA isolates. Clindamycin is part of the empirical coverage for community-associated MRSA in outpatients, especially children, with SSTI.
Taken together, we observed that ST398 MSSA is a frequent cause of both community and hospital-associated MSSA infections in northern Manhattan. Clinical predictors of ST398 infections were mainly associated with people living in the largely Dominican neighborhood surrounding the hospital. The unexpectedly high frequency of recent healthcare contact among ST398 patients highlights the importance of community colonizers as potential reservoirs for nosocomial pathogens. This study also emphasizes the utility of MSSA surveillance programs, rather than efforts solely to monitor MRSA, as MSSA continues to account for the majority of S. aureus infections worldwide.
